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What we will cover today

# Retrieving a known DNA sequence
# Similarity searching with a DNA sequence




Retrieving a DNA
sequence

You read a paper and..

# [s full-length clone of gene available?

# Is at least some of the DNA sequence
available? (EST sequence)?




inding Sequences in Databases

% The public DNA and protein sequence
databases are huge.

# In order for these databases to be
useful, the data must be readily
accessible to researchers.

What Are You Looking For?
* A gene?
+ DNA or protein sequence?
# DNA sequences are essentially all in GenBank
# Genomic, mRNA, cDNA, EST?

#® Proteins are harder to pin down

+ GenPept (GenBank Peptides) is huge and poorly
annotated - lots of junk

+ SwissProt is carefully annotated, but not fully
comprehensive

+ PIR is somewhere in between




Large Databases

% Once upon a time, GenBank sent out
sequence updates on CD-ROM disks a few
times per year.

# Now GenBank is over 95 Gigabytes
(28 billion bases)

| 3 Most biocomputing sites update their copy of
GenBank every day over the internet.

% Scientists access GenBank directly over the
Web

You can search DNA sequence
database

# Retrieve known sequences by
+Keyword search

#Accession numbers

s If you know some DNA sequence

+Compare your DNA sequence with those in
database

+Basic Local Alignment Search Tool (BLAST)
searches




Retrieve a DNA sequence

¥ ENTREZ

+ http://www.ncbi.nlm.nih.gov/Entrez/
% Click — Nucleotide

+ GenBank

+OR

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Nucle
otide

% Accession number
* Keyword search

Entrez is a Tool for Finding Sequences

=% GenBank is managed by the NCBI (National Center
for Biotechnology Information) which is a part of
the US National Library of Medicine.

= NCBI has created a Web-based tool called Entrez
for finding sequences in GenBank.

http://www.ncbi.nlm.nih.gov

x Each sequence in GenBank has a unique “accession
number”.

* Entrez can also search for keywords such as gene
%ﬁ names, protein names, and the names of orgainisms
’ %ﬁil or biological functions




Entrez 1s a Database

# The Entrez database contains all of the nucleotide
and protein sequences in GenBank (updated
daily) along with all of the literature in
MEDLINE and the 3-D protein structures in PDB
(Protein Data Base).

#* Entrez is much more than a database, it is a both a
powerful search engine and a pre-computed list of
relationships amnog all of its data elements

Entrez is Internally Cross-linked

% DNA and protein sequences are linked to
other similar sequences

% Medline citations are linked to other
citations that contain similar keywords

| % 3-D structures are linked to similar
structures




Databases contain more than just DNA &
protein sequences

MEDLINE

MNucleotide Protein
Sequences Sequences
Genomes Structures

Entrez, The Life Sciences Search Engine

|CEENEETEEETA| | rubked | Ertrez | Human Genome | GenBark | MapWiewer | BLAST

Search across databases | I‘—I@ Help

Welcome to the new Entrez cross-database search page

PubMed: biomedical literature i .
Y s e e | L&) Bt it
PubMed Central: free, full text * OMIM: Online Mendelian
journal articles @ Inheritanos in Man
m‘ Site Search: NCBI web and FTP
sites @
Nucleotide: sequence datahase A UniGene: gene-ariented dusters
(GenBank) @ of transcript sequences @
. 3 CDD: conserved protein domain
Protein: sequence database | & e @
Genome: whole genome 3D Domains: domains fram
sequences @ Entrez Structure @
Structure: three-dimensional UniSTS: markers and mapping
macromelecular structures @ data a
Taxonomy: organisms in PopSet: population study data
GenBank @ sets @
\Tu SNP: single nucleotide GED: =xpression and molecular
polymorphism a abundance profiles @
. ) . GED DataSets: experirnental
Gene: gene-centered information @ e @
Journals: detailed information MeSH: detailed information
W g e feurmals indesedin a & bout s cantralied @

PubMed and other Entrez
databases

wocabulary

Enter terms and click'GO" ta run the ssarch againgt ALL the databases, OR
Kk Database Name or lcon to o0 directly ta the Search Pace for that database, OR
Click Question Mark for a short explanation ofthat database




GenBank

# National Institute of Health, National
Library of Medicine, National Center for
Biotechnology Information

# http://www.ncbi.nlm.nih.gov/

# http://www.ncbi.nlm.nih.gov/Genbank/Gen
bankSearch.html

#® Retrieve a sequence from GenBank

% Analyze raw sequence data
+ Base calling
+ Editing

+ Obtaining a consensus sequence
+ Translating

+ Restriction mapping

+ Similarity comparisons

+ Motif searches




) Entrez Nucleotide - Microsoft Internet Explorer,

Eile Edit View Favorites Tools  Help

OBack A | Iﬂ @ _;j /._] Search Hjt(Favorites eMedia ﬁ‘) [-':- :\1 _J

Address | @] hitp:}emm.ncbi.nm.nih.govfentreziquery. Fegi?CMD=LimitsBDB=nucleotide v‘ Go  Links >
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<> NCBI SNucleotide

Entrez Fubhled L . Genome Stiucture

e Use Al Fields pull-down menu to specify a field
o Boolean operators AND, OR, NOT must be i upper case.

o If search fields tags are used enclese m square brackets, e.g., rubella []
o Mfore help on using limits is available here

Entrez Taols Limited to:

AllFields R

[Oexclude ESTs [exclude 5TSs [exclude G55 [exclude TPA [exclude working
draft [Jexclude patents [Jexchude all of the above

‘ Malecule Vl | Gene Location V‘ | Segmented Sequences V‘

Only from Modification Date

[ I I b | I I

Linkout

€

[V dctiticticn P |

&) B Internet

Accession Numbers!!

% Databases are designed to be searched by
accession numbers (and locus IDs)

% These are guaranteed to be non-redundant,
accurate, and not to change.

% Searching by gene names and keywords is
mnexact and retrieves more than one record
usually




Type in a Query term

#* Enter your search words in the
query box and hit the “Go” button

Netscape: NCBI HomePage

Back  Forward Reload  Home  Searsh  Metscaps  Images  Print  Security  Shep Stop

Looation: . [http i/ 7w nebinimnih.gov/

| @7 what's Related

National Center for Biotechnology Information
Mational Library of Medicine National Institutes of Health
OmiM

} What does NCBI do?

B Cancer genome
anatomiy project

Estahlished in 1938 as a national resource for molecular

hiology information, NGB creates public databases,
randiets rassarch in carmnntatinnal hinlnme dewalons Lol

A Entrez Nucleotide - My

File Edt View Favorie/mUbBic
Author

Journal
Keyward w
Modification Date =
Organism —

Fage Numnber
Primary Accession  oyigwingex History
Fropeties
Protein Name
Publication Date
SeqlD String
Sequence Length
Substance MName
TextWard

Title

Yolurmne

All Fields e

exzclude ESTs [exclude 5TSs [exclude G55 [exclude TPA [exzclude working
draft [Jexclude patents [Jezclude all of the above

SNucleotide

Clipboard Details

Structure

pll-down menu to specify a field

2 AND, OR, NOT must be in upper case

lzs are used enclose in seuare brackets, e g, rubella [11]
Ing bimits 15 available here,

‘ holecule Vl | Gene Location V‘ | Segmented Sequences V‘
Only from v Modification Date v
[ it mtice momim e T T b [ T T

EG/RN Mumber o Favorites @M reda £3) | (-

Feature key i e‘ €3 E\ o _J

Filter PCMD=Limitst0B=rucleatide v Be ks ?
Gene Name =
Issue e 2

v

&) # Internst
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Eile Edit View Favorites Tools  Help '?,'
) @ ) q " = R

O Back ~ () Iﬂ @ /_h /.j Search H‘/\? Favorites e Media @ E,_r_ﬁ = _J

fidress | 4] hittp: ffemsen ncbi.nim.nih. govfentreziquery . Frai? CMD=Limits&DB=nuclentide v B ks ?

2l Entrez Nucleotide - Microsoft Internet Explorer, |;|

=

<3 NCBI & ,’w P “Nucleotide

Entrez Fubhed ein Stiucture P

me

ase

AND synth
Limits Previgwyindex Histary Cliphoard Details

Search | Muclectide V| for|soybean AMND chalcane

Use All Fields pull-down menu to specify a field

Boolean operators AND, OR, NOT must be in upper case.

If search fields tags are used enclose m square brackets, e.g., rubella [i]
More help on using limits is available here

Limited to:

AllFields R

[Oexclude ESTs [exclude 5TSs [exclude G55 [exclude TPA [exclude working
draft [Jexclude patents [Jexchude all of the above

‘ Malecule Vl | Gene Location V‘ | Segmented Sequences V‘

Only from Modification Date

[Vtmctititicn P 2 I I b | I I
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&) B Internet

A Entrez Nucleotide - Microsoft Internet Explorer

fle Edt View Favorites Tools  Help 4

Gﬁatk - O - |ﬂ @’JA]}W search \‘,’:\?Favnntas @ reda L) E/;{v .:\; _J
Home ety

Address @ hitkp: ffvawvs nchinim. nib. gowfentrez/query . FrgirCMD=Limits&DB=nuclectide V‘ Go  Links *

~

es .
SNucleotide

claotide Frotein . Strue
| for soyvbean AND chalcone AND synthase

Limits Preview/ndex Histary Clipboard

Details

s Use All Fields pull-down menu to specify a field,

+ Boolean eperators AND, OR, NOT must be in upper case

o If search fields tags are used enclose in square brackets, e.g., rubella [ti]
s Nore help on using limits is available here

Limited to:

All Fields e

exclude ESTs [exclude 5TSs [exclude G335 [exclude TPA [exclude working
draft [Jexclude patents [Jezclude all of the above

‘ holecule Vl | Gene Location V‘ | Segmented Sequences V‘

Only from v Modification Date v

[ mitimmtine v Bl = T T - T T

&) # Internst




) Entrez Nucleotide - Microsoft Internet Explorer,
Edit

Eile

o T ! S B
OBack - O - Iﬂ @ /_h /.JSearch H‘/:( Favorites eMedla @ E,_r{{‘ =) _J
fidress | 4] hittp: ffemsen ncbi.nim.nih. govfentreziquery . Frai? CMD=Limits&DB=nuclentide v B ks ?

Yigw  Favorites Tools  Help

Fi Genome

|soybean AMND chalcone synthase b
Limits Previgwyindex Histary Cliphoard Details

Use All Fields pull-down menu to specify a field

Boolean operators AND, OR, NOT must be in upper case.

If search fields tags are used enclose m square brackets, e.g., rubella [i]
More help on using limits is available here

Limited to:

AllFields R

[Oexclude ESTs [exclude 5TSs [exclude G55 [exclude TPA [exclude working
draft [Jexclude patents [Jexchude all of the above
‘ Malecule Vl | Gene Location V‘ | Segmented Sequences V‘

Only from Modification Date

[Vtmctititicn P 2 I I b | I I

€

ite. On the Tools menu, dlick Internet Options, and then click the

&) B Internet

A Entrez Nucleotide - Microsoft Internet Explorer

File Edit View Favorites Tools Help %’

@Back © \_) |ﬂ @ /h /'__\J Search \:::(Favorites eMed\a @ [\?{- :\,' _J

Address @‘Ihttp:,l’,l’www‘n[hi.nlm.nih.gnvfentrezfquary.thi7CMD=searth&DB=nu(|EDt\dE V| B G0  Links ?

<> NCBI e o SNucleotide

Entrez Fubhded Hu Frotein Genome Stcture FhiC
Search | Mucleatide V| ovbean AND chalcone synthase B | Claar
Limits Freview/index History Cliphoard Details & |
[ Display | Surmmary | showe| 20 ¥ |[ Sendto | Text |

‘ems 1-9af9 One page
01 pGrossy Links

sae35d12.v1 Gm-c1051 Glycme max cDIA clone GENOME 3YSTEMS CLONE ID:
Gin-c1051-7103 5' similar to SW.CHSE_SOTBI P30080 CHALCONE SYITHASE
& 5, mEINA sequence

g|14008724|gb|BGT25328 1 [14008724]

[12: BE346944 Links
sp33b03.y1 Gm-c 1043 Glycine max cDNA clone GENOME SYSTEMS CLONE ID:
Gin-c1043-6 5' similar to SW.CHSA_TPOCO P48353 CHALCONE SYNTHASE 4 .

mREMNA spemenne

s
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2 NCBI Sequence Viewer, - Microsoft Internet Explorer

File Edt View Favorites Tools Help "
£33 - . l_..] lﬂ = ~ £ e
Back * | x| |2 i ) Search < Favorites Media  {F£) B - J
: €] ) Ul | px ¢ ¢ L
fiddress 4] httpfjomw.ncbi.nim.rih. govfentrezviewer Fogizdb=nucleotidet al=1 4008724 =
: ~
5 ™
Searchl Mucleotide V‘ for” |
Limits Previewdndex Histary Cliphoard Details
( Display | | defaul ] stow|20 v| [Bendto | [Fle  ~
g [1: BG725328. sae35d12.71 Gm-cl. [gi14008724] Links =
IDEHTIFIERS
dbEST Id: §490125
E3T n=ame: sae3bdlZ.yl
GenBank ALcc: BGT25328
GenBank gi: 14008724
CLOHE IHFO
Clone Id: GEMOME SYSTEM3 CLOME ID: Gw-cl051-7103 (5')
DNL type: DN
PRIMERS
Polylk Tail: Unknown
SEQUEHCE
GGTTGTGCCAAGTCCATTTTCTATTGACTTCTTCCTCATTTGATCCAAGATGAACAGCAC
ACATGCACTTGACATGTTACCATACTCGCTALGCACGTGTCTAGTAGCTTCCATTTTTTC
ATGCTTCAATCCTAACTTAGCCTCAACTTGGTCCARAATTGCTGGTCCACCAGGGTGTGC
AATCCAAMAGATAGAGTTGTAATCATCAATTTCTALGGGTTTGAAGGCTTCAACCAAGGC
CTTTTCGATGTTCTTGGRGETGAGTCCRGGRACATCOTTGAGGRGETGGE L RGTGRGTCC L
< |
N =
2l NCBI Sequence Viewer - Microsoft Internet Explorer |’EHX‘
Ele Edit ‘View Favorites Tools  Help f
- A ) A ; n W
QBack M | Iﬂ @ al - Search S Favarites d‘Medla {‘} - 2 B - _J
Address (] hetpsfoms.ncbi.rim.nih.govfentrezviewer Fegi?db=rucleotideRval-14008724 v B e ks
SEQUENCE -~
GGTTGTGCCAAGTCCATTTTCTATTGACTTCTTCCTCATTTGATCCALGATGARCAGCAC
ACATGCACTTGACATGTTACCATACTCGCTARGCACGTGTCTAGTAGCTTCCATTTTTTC
ATGCTTCAATCCTAACTTAGCCTCALCTTGGTCCAAARTTGCTGGTCCACCAGGGTGTGE
ARTCCAARAGATAGAGTTGTAATCATCAATTTCTAAGGGTTTGAAGGCTTCAACCLLGGT
CTTTTCGATGTTCTTGGAGATGAGTCCAGGALCATCCTTGAGGAGATGGRALGTGAGTCC
TRCTTGGCGAAGGTGGCCATCAATAGCGCCTTCGUTGTCTGGALGGATTGTTTGTGCAGT
CCACACAAGCTCAMACAMAGGCTTTTCAGC TGGC AGAGGATC TGATCCARCAATGACAGC
AGCTGCACCATCTCCRALCAAGGCTTGCCCCACAAGGCTGTCALGATGTGTGTCACTCGG
GCCACGAAATGTGACTGCTGTGATCTCCGR
Quality: High quality sequence stops at hase: 400
Entry Created: May § 001
Last Updated: Jul 2z 2004
COMMENTS
When it has been determined, an EST from the other end of 4
this clone is listed in the 'Other ESTs on clone' field.
Possible reversed clone: similarity on wrong strand This
clone is available through: Biogenetic Zervices, 801 3Znd
Ave. Brookings, 5D 57006 USL (phone: 500 423 4163; ewail:
infoBbiogeneticservices. com)
PUTATIVE ID Assigned by submitter
FW:CH36_SOVEN P30050 CHALCONE SYNTHASE 6
LIBRARY
Lil Name: Gr-c1051
Organism: Glycine max
Cultivar: Caoralla
Tissue type: floral meristematic wRNA
Tal heer. nEinm ot
< | &
et bl
5 a




2l NCBI Sequence Viewer - Microsoft Internet Explorer

File Edt View Favorites Tools  Help f
Qﬁack A | \ﬂ @ _,ﬂ /.)Search ‘::l'(’Favontes wMedia e} >R \7 QJ
icdress (@] httpfwams.ncbi. nm.nih.govfentrezfviewer Fegzdb=nucleotidegval= 14008724 Links >
-
Gm-e1051
Glycine max
Corolla
floral meristematic mRNA
DH10B
pEluescript IT SE+
EcoRT
¥hoI
Description: The cDNA library was constructed from floral meristematic
mRNA provided by Dr. Halina Knap of Clemson University.
Complementary DMA was synthesized from mRHMA using = primer
consisting of a poly(dT} sequence with a Xhol restriction
site. EcoRI adapters were ligated to the blunt-ended cDMi
fragments followed by %¥hol digestion. The cDNA fragments
were directionally cloned into the EcoRI-Ehol restriction
site of the pEluescript vector. The ligated cDNA fragments
were transformed into DH10B host cells (GibeoBRL) . This
library was constructed in the laboratory of Dr. Randy
Shoemaker .
SUBMITTER
Name : Shoemaker R/Public Soybean EST Project
Lab: Public Soybean EST Project 3
Institution: Washington University School of Medicine
Address: 4444 Forest Park Parkway, Box 8501, St. Louis, MO 63108, USA
314 286 1800
314 286 18510
estiwatso
L
L] | &
X
| &) S Ioterner

GenBank Records

% Databases are composed of records
# Flat File Format
% Provides information

s Standard, consistent organization of data




Flat file format

1

Organized in a structured manner
One big file

Large body of information assembled and
distributed in consistent format

1

i

= Lack support for procession transactions
(inserts and updates)

Fle Edit Yiew Favorites Tooks Help "
. & NNs) s .. . o
Oﬂack ) \ﬂ @ ) | JO ssarch | P Favorites (@ vadia 2 =
Adldress | ] it wems.ncbi.rim. i gov Skemapsamplerecord it GenBankDivisions = L
-

Sample GenBank Record

GenBank Flat File Format

Click on any link in this sample record o see a delailed descriofion of thal data
elerment ar figld. All of the descricfions are included on ihis page, soif can be
printed a5 & single document. You can also refurn io ihe Alphabetical Quicklinks
Table or Resource Guide

Locus 2CU48545 5028 bp DML FLN 21-JUN-1999

DEFINITION Saccharomyces cerevisiame TCPi-beta gene, partial cds, and Ax12p
(AZL2) and Rev?p (REV7?) genes, complete cds.

ACCESSION U49845

VERSION U49845.1 GI:1293613
EEYWORDS
SOURCE baker's yeast.

ORGANISH Saccharomyces cerevisias
Eukaryota: Fungi: Ascomycota: Hemiascomycetes: Saccharowyoetales:
Saccharomycetaceas: Saccharomyces.
REFERENCE 1 (bases 1 to 5028)
AUTHORS Torpey,L.E., Gikbs,P.E., Nelson,J. and Lawrence,C.TW.
TITLE Cloning and secquence of REV?, a gene whose function iz required for
DNA demage-induced wutagenesis in Saccharomyces cerevisias
JOURNAL ~ Yeast 10 (11), 1503-1500 (1994}
MEDLINE 85176709
REFERENCE 2  Ibases 1 to 50238)
AUTHORS Roewer, T., Madden, XK., Chang,J. and Snyder, M.
TITLE Selection of axial growth sites in yeast reguires AxlZp, & novel
plasma wewbrane glycoprotein
JOURNAL  Genes Dev. 10 (7), 777-793 (1996)
MEDLINE 96194280
REFERENCE 3 Ibases 1 to 50238)

=T B ciaal




Some Fields of GenBank Record

4
# Locus Name %= Reference
ik
#* Sequence length = Authors
i .
% Molecule type % Title
# Definition ”
# Journal
# GenBank accession " :
#* Medline
number
ey
i . # Other references
% Version
wh 3
% Keywords features
» o . . .
% Source % Amino acid translation
uk 1 e ]
# Organism % Nucleotide sequence
ik
# Reference
Fle Edit Yiew Favorites Tooks Help 2
Qe - ) ﬂ E ;\, pSearch ‘»:"'\;’Favnntes A veda £ - & -
Address | ] http fwvwn.nebi.nlm.nih gov/Sitemap jsamplerecard. html# GenBankDivisiang = L
A
Entrez * axonomy Structure
GenBank Flat File Format
Click on any link in this sample record o see a delailed descriofion of thal data
elerment ar figld. All of the descricfions are included on ihis page, soif can be
rinted as & single document. You can also refurn fo the abetical Cluicklinks
printed gle di E Y i iurn fo the Alphabetical Cuicklink
Tahle or Resowce Gude
< Locus 2CU48545 DML FLN 21-JUN-1999
;01\1 Saccharomyces wf5ize TCPi-beta gene, partial cds, and ix12p
(AZL2) and Rev?p (REV7?) genes, complete cds.
| U40845
-y U49845.1 GI:1293613
EEYWORDS
#RCE baker's yeast.
ORGANIZH ) Saccharomyces cerevisias
Eukaryota: Fungi: Ascomycota: Hemiascomycetes: Saccharowyoetales:
Saccharomycetaceas: Saccharomyces.
REFERENCE (bases 1 to 5023)
AUTHORS orpey,L.E., Gikhs,P.E., Nelson,J. and Lawrence,C.T.
TITLE Cloning and secquence of REV?, a gene whose function iz required for
DNA demage-induced wutagenesis in Saccharomyces cerevisias
JOURNAL ~ Yeast 10 (11), 1503-1500 (1994}
MEDLINE 85176709
REFERENCE 2  Ibases 1 to 50238)
AUTHORS Roewer, T., Madden, XK., Chang,J. and Snyder, M.
TITLE Selection of axial growth sites in yeast reguires AxlZp, & novel
plasma wewbrane glycoprotein
JOURNAL  Genes Dev. 10 (7), 777-793 (1996)
MEDLINE 96194280
REFERENCE 3 Ibases 1 to 50238) -
=T B ciaal




Locus Name

Unique
* Up to 10 characters

3

6 character
+ Genus species

[

#* 8 characters

# Just accession number

3

Name

Fle Edt Yiew Favorites Tools Help

Qe - ) \ﬂ @ ;\, pSearch ‘»:n'\;’Favnntes A veda £ - & -

Address (] hitp: pevaw.nebi.nim.nih gov/Sitemap jsamplerecard, himl#GenBankDivisions = E

Better to search for accession number than Locus

Sample GenBank Record

GenBank Flat File Format

Click on any link in this sample record o see a delailed descriofion of thal data
elerment ar figld. All of the descricfions are included on ihis page, soif can be
printed a5 & single document. You can also refurn io ihe Alphabetical Quicklinks
Table or Resource Guide

Locus 2CU48545 5028 bp DML FLN 21-JUN-1999

DEFINITION Saccharomyces cerevisiame TCPi-beta gene, partial cds, and Ax12p
(AZL2) and Rev?p (REV7?) genes, complete cds.

ACCESSION U49845

VERSION U49845.1 GI:1293613
EEYWORDS
SOURCE baker's yeast.

ORGANISH Saccharomyces cerevisias
Eukaryota: Fungi: Ascomycota: Hemiascomycetes: Saccharowyoetales:
Saccharomycetaceas: Saccharomyces.
REFERENCE 1 (bases 1 to 5028)
AUTHORS Torpey,L.E., Gikbs,P.E., Nelson,J. and Lawrence,C.TW.
TITLE Cloning and secquence of REV?, a gene whose function iz required for
DNA demage-induced wutagenesis in Saccharomyces cerevisias
JOURNAL ~ Yeast 10 (11), 1503-1500 (1994}
MEDLINE 85176709
REFERENCE 2  Ibases 1 to 50238)
AUTHORS Roewer, T., Madden, XK., Chang,J. and Snyder, M.
TITLE Selection of axial growth sites in yeast reguires AxlZp, & novel
plasma wewbrane glycoprotein
JOURNAL  Genes Dev. 10 (7), 777-793 (1996)
MEDLINE 96194280
REFERENCE 3 Ibases 1 to 50238)

=T B ciaal




GenBank Accession Number

x

Unique identifier for sequence record

e
X

# Usually a combination of letter(s) and
numbers

% Do not change even if information changes

* Newer accession numbers to new
submission using some of this data

fle Edt View Favorites Tools Help

OBack ML > ] Iﬂ IELI ;] /-“Search

Faworites @Media é)‘f"c -

giess (] hetpsffom.ncbi.rim. i gos/Sitemapjssmplerscord el v Bee ks >
Haven, CT, USA ~
FEATURES Location/Qualifiers
e 1..5028

/organism="Saccharowyces cerevisias”
Jdb_xref="taxon:4932"
/chrowosome="IZ"
Smap="ar
cps <1..206
/eodon_start=3
/product="TCP1-heta®
/protein_id="ALASGE6S5.1"
Jdb_xref="GI:1293614"
/translation="SSIVHGISTSGLDLNNGT I ADMROLGIVES TKLKRAVVSSASEL
AEVLLRVDNTIRARPRTANRQHN"

6687..3158
/gene="AEL2"
cDs 6687..3158

/gene="A¥L2"

/note="plaswa membrane glysoprotein®

/eoodon_start=1

/function="reguired for axial budding pattern of 5.
cerevisias”

/product="ax12p"

/protein_id="ALASGE6E.1"

Jdb_xref="GIi1293615"
/translation="NTQLQISLLLTATISLLHLVVATPYEAYE IGKQYPPVARVNESF
TFQISND TYKSSVDETAQI TYNCFDLPSULSFISSSRTFSGEPSSDLLSDANTTL YN
VILEGTDSADS TSLNNTYQFVVTNRPS ISLSSIFHLLALLEN G Y THGEN ALELTPNE
VFNVTFDRSMF THEES IVS Y YGRSQL YNAPLPHULFFDSGELEF TGTAPY INSATAPE
TSYSFVIIATDIEGFSAVEVEFELVIGAHQLTTS IQNSL I INVTDTGHVSYDLPLNTY
FLDDDPISSDELGS INLLD APDUVALDNATISGSVPDELLGKNSNP ANFSVS IYDTYG
DVIVFNFEVVSTTDLFATSSLPNINATRGEUFSYYFLPSQF TDYVHTHVSLEF THSSQ
DHDWVEF 05 SHLTLAGEVPKNF DKLSLGLEANQGSQSQEL YFN T IGHDSK I THSHHS &
NATSTRSSHHSTSTSSYTSSTYTAKISSTSAAATSS AP AALP AANKTSSHNKEAVATA
CGVATPLGVILVALICFLIFVRRRRENPDDENLPHATSGPDLNNP ANKPHQENATPLY
NPFDDDASSYDDTSTARRL AALNTLELDNHS ATESD ISSVDEERDSLSGHNTTNDOFQ
SQSKEELLAKPPVQPPESPFFDPQNRSSSVYHDSER AVNKSWRY TGHLSPVSD IVRDS
YGSQETVDTEELF DLEAPEKEKRTSRDVTHSSLDPUNSH ISPSPVRESVTRPSE THY TK A7




Address | &] http:fwww.nchi.nlm. i, gov, Sitemapfsamplerecard. html e h‘r] Go  Links 7
NATSTRESHHEE T TS Y TS TY TAKISS TS AAATSS APAALPAANKTSSHNEKAVATA -~
COVAIPLGVILVALICFLIFWERRRENPDDENLPHAISGPDLNNP ANEPNOENATPLN
NPFDDDASSYDDTSIARRLAALNTLELDNHESATESD ISSVDEKRDSLIGMINTYND QFQ
SQSKEELLAEPPVQPPESPFFDPQNRISSVYNDSEP AVNESWRYTGNLEPVID IVRDS
¥GEOETVD TEELFDLEAPEKEERTSRDVTHSSLDPUWNSN ISPEPVRESVTPEPYNVTE
HRNEHLONIQDSQSGENGITPTTHST DDFUPVEDGENFCUVHSMEFDRRPSEERL
VDFSHESNVNVGQVED THGRIPEML ™

comp lement (3300, .4037)

/gene="REVT"

comp lement (3300, .4037

/gene="REV?"

/codon_start=1

fproducc="Revip"

fprnte1n71d="AAAQEEET.1"

Jdb_xref="GI:1293616"

Jrranslation="MNRWWEKVLRVYLECYINLILF YRNVYPPOQSFDYTTYQOSFNLEQ
FVPINRHPALIDYIEELILDVLSELTHVYRFSICIINKENDLCIEEYVLDFSELQHVD
KDDQIITETEVFDEFRSSLNSLIMHLERLPEVNDDTITFEAVINAIELELGHELDRNE
RVDELEEEAEIERDSNUVECCEDENLPDNNGF QPPEIKLTSLVGSDVGPLIIHOFSEE
LISGDDEILNGVYSQYEEGESIFGILE™

BASE COUNT 1510 a 1074 o 835 g 1609 ©

CRIGIN

.

gatocctoocat atacaacggt atctocacct caggtttaga toctocaacasac ggaaccattg
6l COJRCATORY ACANULAYIL ATCULOJATR QULACSAdCT SARRaCyagos JUagtCagot
121 ctgoatctga agocgotgas ghtctactas gggtggatas catcatcogt goaagacoas
151 gaaccgoccaa tagacaacat atgtaacata tttaggatat acctcgaasa taataaaccy
241 CcoaCactOLe ATCAULATAA LUAJASACAY SACUCRASAR LUACCCACTA CALAALLCAR
301 agacgocgasa asassagasc aacgoghbcab agaacttttiy goaattogog tocacasatas
361 attttggoaa cttatgittic ctottogage agtactcgag coctgtoctca agaatgtaat
421 RACACCCALC JULAYLALOY TLUARAMATAY CARLCLCCACR ACCTOAAAYC CoCTTORCOR
481 gagtogoocot cobbtgtoga gtaattttoa cttttoatat gagaacttat tcttottatto
541 tttactctoca catcctgtay tgattgacac tgocaacagocc accatcacta gaagaacags
601 ACARLTACCT ARLAYRARAR LLACALCTLC CLOJRAACHA TLTCCLUOLD CORacatota
661 cgtatatcaa gaagoattoca cttaccatga cacagottbca gatthbocatta ttgotgacag
721 ctactatatc actactoccat ctagtagigy cocacgoccta Lgaggoatat cotatcggas
781 sacastaccos CCCAULUYCR agagtoaaty astogtttac atttoaastt tocaatgats
G841 cotatasatc gtctgtagac aagacagotc asataacata caattgottc gacttaccga
901 gotggotttc gtbbgactct agttctagas cgttctoagy tgascotict totgacttac v

&) A Torerper

Refine the Query

% Often a search finds too many (or too few) sequences, so
you can go back and try again with more (or fewer)
keywords in your query

The “History” feature allows you to combine any of your
past queries.

#

% The “Limits” feature allows you to limit a query to specific
organisms, sequences submitted during a specific period of

time, etc.

*

[Many other features are designed to search for literature in
MEDLINE]




2l Entrez Nucleotide - Microsoft Internet Explorer, |;|

Eile Edit View Favorites Tools  Help

OBack < \_) Iﬂ @ _/h /'._j Search H::\?Favorites eMedia @ Ejr_‘:{‘ :_\'_ _J
fiddress | ] hittp: fow.nchi.rim i, govfentrez/query. fegi7CMD=LinitsBDE=nucleatide v e

BX)

Links >

= , X£e3 .
"> NCBI 0 @ SNucleotide
Entrez Fubhled N . P
Search MNucleotide [ for“
® Freviewincex Histary Cliphoard

8z e Use Al Fields pull-down menu to specify a field

o Boolean operators AND, OR, NOT must be i upper case.

o If search fields tags are used enclese m square brackets, e.g., rubella []
o Mfore help on using limits is available here

,-

Details

Limited to:

AllFields R

[Oexclude ESTs [exclude 5TSs [exclude G55 [exclude TPA [exclude working
draft [Jexclude patents [Jexchude all of the above

‘ Malecule Vl | Gene Location V‘ | Segmented Sequences V‘

Only from Modification Date

[Vtmctititicn P 2 I I b | I I

=

€

&) B Internet

A Entrez Nucleotide - Microsoft Internet Explorer

File

7 - y @) v ~ . B
@Ba[k (2] |ﬂ El ) search ¢ Favorites @ redia F) | (- _J
Address @ hittp: ffvaws nchinim.nih. gowfentreziquery. frgi?CMD=IndexBDB=nuclectide

Edit  View Favorites Tools Help

v B

Links >

Protein & Structure PMC T

v | for ﬁ Prawiew

Limits Preview/Index Histary Clipboard Details

s Enter terms and click Preview to see only the mumber of search results.

available

Add Term(s) to Query or View Index:
o Enter a term in the text box, use the pull-down menu to specify a search field.

Index to view terms within a field.

‘[ Preview ]

o add a term to the query box.

» To combine searches use # before search number, e g, (#2 OF #3) AND asthma. Mo history

s Click Preview to add terms to the query box and see the number of search results, or click

~

&) # Internst




2 Entrez Nucleotide - Microsoft Internet Explorer |;|§”zl

Eile Edit View Favorites Tools  Help ?,
o ) [ah A O S i I £ | (- 2

0 Back o (¥ e et 5.[ Favorites e Media @ E,_r{{ =) _J

Address | €] https s, ncbil il\:;we\ds j7CMD=Index80B=nucleotide V‘ Go  Links >

uthar

EC/RM Number
Feature key

X1 ;
SNucleotide

| Freview

view/Index Histary Clipboard

<> NCBI

Entrez Fubhled

Search MNucleotide  |Joumnsal
Keyward
Modification Date
COrganism

Crd Fage Mumber Preview to see only the number of search results

Frimary Accession use # before search number, e.g., (#2 OR #3) AND asthma. Io history
Froperties
Frotein Name
Fublication Date
SeqlD String v or View Index:

Sequence Length e text box; use the pull-down menu to specify a search field

Substance Name add terms to the query box and see the number of search results, or click

¥;§ b s within a field.

Volume
AllFields

Click

Details

‘[ Preview

v
NOT | to add a term to the query box

€

&) B Internet

Entrez Nucleotide - Microsoft Internet Explorer =IER

e Edt Yisw Favorites Tools Help o

: | = e ) S
Dok - () (%] [2] @0 O s Slpravones @Pveda € (- (L J
[dress | @] http: o, nicbl.nim,nib. govientrez/query  FogiPCMD=HistaryBDB=nudlsotids v| Go Links

, xiez ¥
0 %e & SNucleotide

[Search | Mucleotide | for |sovhean AND :hal:nwm\-\engﬂ' Preview
Limits PrEV\EW.fIﬂ[iEK( History > Cliphoard Details

hout Entrez + Search History will be lost after eight hours of mactivity

» To combine searches use # before search number, e g, #2 AND #6
o Search numbers may not be continuious; all searches are represented.
+ Click on query # to add to strategy

Search Most Recent Queries Tone Result
#2 Search soybean AND chalcone synthase AND full-lengih 10:16:02 30
#1 Search soybean AND chalcone synthase 10:14:1% 338

Clear Histary




DNA similarity search

Find related seqeunces

+If not full-length, may allow assembly from ESTs
# Find other family members
#+0Organization and function

% Find similar genes from other cultivars
+SNP discovery

? * Find similar genes from other organisms
#+Phylogenetic relationships




|ESTs
(Expressed Sequence Tags)

# partial cDNA sequences

#+a comprehensive set of all public EST data

% UniGene at NCBI
| #clusters of ESTs and know genes from key
species
» does NOT have consensus sequences

* has far too many clusters to be representative of real
genes (129 K human clusters)

Find related DNA sequences

# Similarity Search (BLAST)
3% NCBI GenBank database




BLAST Searches

#* Compare your sequence with database

# http://www.ncbi.nlm.nih.gov/BLAST/
# Nucleotide

¥ Protein

% Targeted to a genome

#* BLAST

+Basic Local Alignment Search Tool
#Local alignment

#Tutorial at:
http://www.ncbi.nlm.nih.gov/Education/BLAS
Tinfo/information3.html




BLAST

% Discontiguous Mega BLAST

+ Comparison of diverged sequences especially from
different organisms

+ Alignments with low degree of identity

+ Looks for hits in “non-consecutive positions”
% Mega BLAST
+ Slight differences in similarity
+ Not effective at low degree of identity
+ Faster; handles longer sequences
% BLAST
+ Local alignment tool
# http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/inf

ormation3.html
§ Ele Edt Miew Favorites Tools  Help ?,.'
O Back - O - Iﬂ @ )] /'._] Search \;E‘ Favorites e‘ Media @ E}_‘:{ - :\7 B - _J
fildress | ] hiktp: ffemsen ncbi.im. nih. g BLAST] v B ks ?
]
Entrez BL/ Qi Ta y Structure
NEW 12 May 2004 BLAST 2.2.9 has been released. Bead mare...
Nucleotide Protein
» Discontiguous megablast » Protein-protein BLAST (blastp)
« Megahlast e PHI and PSI-BLAST
« MNucleotide-nucleotide BLAST (blastn) ® Search for shart, nearly exact matches
& Search for short, nearly exact matches s Search the conserved domain database
& Search trace archives with megablast or (rpshlast)
discontiguous megablast o Search by domain architecture (cdart)
Translated Genomes
& Translated queryvs. protein database (hlast) s Chicken, cow, pig, dog, sheep, cat New
& Protein guery ws. translated database (thlastn) s Emvironmental samples
o Translated gqueryvs. translated database e Human, mouse, rat
(thlast) e Fugu rubripes, zebrafish
o Insects, nematodes, plants, fungi, malaria
» Microbial genomes, other eukaryotic genomes
Special Meta L |
& Search for gene expression data (GEQ BLAST) s Retrieve results by RID
o Align two sequences (hi2sed) o Getthis page with javascriptfree links
o Screen forvector contamination (WecSereen)
o |Immunoglobin BLAST {lgBlasf)
)
ik . Did you know...
! Dext tp
| ‘ou can set a different level of security For each Web site, On the Tools menu, dlick Internet Options, and then dlick the Security tab,
P o




File

GBack - e - @ @ \,_h /':__j Search ‘gﬂ? Favorites
bkt fen  ncbi, nlm gov/BLAST) v - G0

Edit View Favorites Tools Help

.ﬁr

>

Liriks

Address

Nucleotide

» Discontiguous megahlast -

& hlegablast -

o Mucleotide-nucleotide BLAST (blastn)

» Search for shor, nearly exact matches
&« Searchtrace archives with meagahblast ar

discontiguous megahlast hdl
| >
= .
Did you know...
ou can set a different level of security For each Web site, On the hext i
Tools menuy, click Internet Options, and then click the Security
kb,
@ ) Internet
2 NCBIBLAST - Microsoft Internet Explorer EEx]
Fle Edt Vew Favortes Tools Help [z
e Back ~ J E @ :h /'fj Search \‘,’:\? Favorites Q‘Medua @ ':zj - :\; o - _J
Acldress | ] hktp g, nebi.nim. i gow /BLAST] v Beo ks ?
~
Ents B ( Taxono Structure
wew 12 May 2004 BLAST 2.2.9 has been released. Eead mare. ..
Nucleotide Protein
& Protein-protein BLAST (hlastp)
egahlast & PHI-and PS-BLAST
o Mucleotide-nucleotide BLAST {blastn) o Search for shor, nearly exact matches
o Search for short, nearly exact matches e Searchthe conserved domain database
» Searchtrace archives with megahlast or (rpshlasty
discontiguous megahlast s Search by domain architecture (cdart)
Translated Genomes
o Translated query vs. protein database (hlastd e Chicken, cow, pig, dog, sheep, cat NEW
o Protein queryws. translated database (thlastn) e Erwironmental samples
» Translated query vs. translated database ® Hurnan, mouse, rat
(thlasts) & Fugurubripes, zebrafish
® nsects, nematodes, plants, fungi, malaria
& hlicrobial genomes, other eukaryotic genomes L
Special Meta
o Search for gene expression data (GEO BLAST) o Retrieve results by RID
* Aligh two sequences (bl2seq) » Getthis page with javascripkiree links
+ Screen for vector contamination (VecScreen) 3
X
ite. On the Tools meny, dick Internet Options, and then dick the Securit: T
B Internet




You have a sequence.
Does it have similarity to other known genes???
Copy DNA sequence from file

GGTTGTGCCAAGTCCATTTTCTATTGACTTCTTCCTCATTTGATCCAAGATGAACAGCAC
ACATGCACTTGACATGTTACCATACTCGCTAAGCACGTGTCTAGTAGCTTCCATTTTTTC
ATGCTTCAATCCTAACTTAGCCTCAACTTGGTCCAAAATTGCTGGTCCACCAGGGTGTGC
AATCCAAAAGATAGAGTTGTAATCATCAATTTCTAAGGGTTTGAAGGCTTCAACCAAGGC
CTTTTCGATGTTCTTGGAGATGAGTCCAGGAACATCCTTGAGGAGATGGAAAGTGAGTCC
TACTTGGCGAAGGTGGCCATCAATAGCGCCTTCGCTGTCTGGAAGGATTGTTTGTGCAGT
CCACACAAGCTCAAACAAAGGCTTTTCAGCTGGCAGAGGATCTGATCCAACAATGACAGC
GCTGCACCATCTCCAAACAAGGCTTGCCCCACAAGGCTGTCAAGATGTGTGTCACTCGG

GCCACGAAATGTGACTGCTGTGATCTCCGA

2 NCBI Blast - Microsoft Internet Explorer,

File Edt View Favorites Tooks Help 7

GEack -9 \ﬂ @ h /:\JSE.ar:h \‘_f::(Favur\tes @ redia £ [7\:- ; - _J

cddress (€] hetpa . ricbi. nim.rib. govELAST/Bhast. .o ALIGNMENT S=S0ALIGNMENT_VIEW=FPainisetALTO_FORMAT=Semistoss v | B G0 Lrks 2

megablast BLAS

Retri an RID|

»~

>3 NCBI

Nucleotide

Protein

What 1z discontiguous Mega BLAST?
e

Search

Load query file |
from disk

Chaose datahase

Return sligament |
endpoints only

YA BLAS T1 R Rosetauen raseca

H Browse_ |

| &1 & Internet




2l NCBI Blast - Microsoft Internet Explorer

File Edt View Favorites Tools  Help

Qe - Q- ¢ B & ) search o Favartes @ Heda 2) - ;_ -[LJ

Address |@ hittp:fvavwir.ncbi. . nih. gow /BLAST/Blast  coi?ALIGNMENT S=S08ALIGNMENT_VIEW=Pairwise&AUTO_FORMAT=Semiautos ¥ \ G0

Links >

NCBI

[ucleotide

megablast B
ition: et

LA

What 1z discontiguous MMega BLAST?
—

GGTTGTGCCAMGTCCATTTTCTATTGACTTCTTCCTCATTTGATCCAAGATGAACAGCA A
CACATGCACTTGACATGTTACCATACTCGC TALGCACGTGTC TAGTAGCTTCCATTTTT
Search | TCATGCTTCAATCCTARCTTAGCCTCAACTTGGTCCAARATTGCTGGTCCACCAGGGTG
TGCALTCCAARAGATAGAGTTGTARTCATC AATTTCTAAGGGTTTGAAGGCTTCAACCA
AGGCFTTTTCGATGTTCTTGGAGATGAGTCCAGGAACATCCTTGAGGAGATGGAAAGTG hd

Load query fils |

from disk H Browse.. |

Sel sut From To

Choose database | nr b

Retumn dhgament
endpoints only

A GLAS T! R Roserauen e

the Tools meny, click Internet Options, and then dick the Securit:

-~

80 Internet

2 NCBI Blast - Microsoft Internet Explorer,

File Edt View Favorites Tooks Help

@Eack -9 E @ :h pSEaV’Eh \‘f:\?Favur\tes @ redia £ D::'{- ,:\; - _J

ddress (€] hetpa . rcbi. nim.rib. gov ELAST/Bhast. i ALIGNMENTS=S05ALIGNMENT _VIEW=PainuisefuAllTO_FORMAT=Semiautoss ¥ | (£ Go

Links >

> NCBI - mea.blast BLAST

Nucleotide

What 1z discontiguous Mega BLAST?
e

GGTTGTGCCAAGTCCATTTTCTATTGACTTCTTCC TCATTTGATCCALGATGAACAGCE &
CACATGCACTTGACATGTTACCATACTCGCTAAGCACGTGTC TAGTAGCTTCCATTTTT
Search |TCATGCTTCAATCCTARCTTAGCCTCAACTTGGTCCARRATTGCTGGTCCACCAGGGTG
TGCALTCCAAAAGATAGAGTTGTAATCATCAATTTCTARGGGTTTGAAGGCTTCAACCA
AGGCCTTTTCGATGTTC TTGGAGATGAGTCCAGGAACATCCTTGAGGAGATGGALAGTG

Load query file |

From disk H Browse... |

Het subsequence From l:l'fﬂ l:l
Choose database

Return alignment
endpoints only

. On the Tools meny, dick Internet Options, and then click the Securit

>

=

B Internet




2l NCBI Blast - Microsoft Internet Explorer

File Edt View Favorites Tools  Help

Gﬁack @ \_J @ @ Ch /'TjSearch ‘f:l'rFavontes &Media @ Dif:{- :_\_; i J

Address |@ it fusses.nchi. nlm.rih. gov/[BLASTBlast o ALIGNMENT S=S08ALTGNMENT YIEW SRairuispRALIT0_FORMAT=Semiautosd V‘ Go | Links >
Efowse, 1nistory §
from disk | I )

Set suk From: To
Chanse datahase _

Return aligrment 0
endpoints only

-~

S BLAS T! i eserauen Ve

.

—

Options for advanced blasting

Limit by entrez B s
e Glycine max ﬁ or sglectﬁgm_l All organisms hd

Choose filter

Low corplexity [] Human repeats [#] Mask for lookup table only [ ask lower case

-

Word Size

Percent Identity,

e, mismatch

scotes

n the Tools menu, dick Internet Options, and then click the Securits

| &) S Ioterner

2 NCBI Blast - Microsoft Internet Explorer,

Fle Edt Vew Favortes Tools Help [z
\ @ Yy . R
e Back - () E @ :h P ) Search .7 Favrites a‘ Media @ Drzj - & _J
ddress (] betpfwwe.ncbi.rim b, gow ELAST/Blast.cgi v Beo ks ?
~
> NCBI formatting BLAST
Nucleotide Protein Translations Re ults for an RID)
Your request has been successfully submitted and put into the Blast Queue.
Query = (509 letters)
Your search was limited by an Entrez query: Glycine masx
The request ID 1s |1 090952418-29109-8211948582. BLAS T |
| —
The results ate estimated to be ready i 23 seconds but may be done sooter.
\
Please press "FORMATI" when you wish to check your resulls. You may change the formatting options for your result via the form below
and press "FORMATI" again. You may also tseuest results of a differant search by entering any other valid teeuest ID to see other recent
jobs.
Format
Show V] Grantical Overview 7] Linkout [7]5eauence Retrieval [7|NGELof Alignment % o HTML % omnat ¥
= Did you know..|
On the Tools meny, dick Internet Options, and then click the Securit fict tip
| &1 & Internet




-
” formatting BLA81

Your request has been successfully submitted and put into the Blast Queue.
Query = (1509 letters)
Your search was limited by an Entrez query: Glycine max

.| 1089221208-15060-31262165038.BLASTQ4
The request ID is ‘

or e

The results are estimated to be ready in 37 seconds but may be done sooner.

Please press "FORMAT!" when you wish to check your results. You may change the formatting options for
your result via the form below and press "FORMAT!" again. You may also request results of a different
search by entering any other valid request ID to see other recent jobs.

| Fie Edt View Favortes Tools Help "

<) I Iﬂ @ _h /._] Search \;:( Favorites d‘ Media Q‘] [-': - :\7 — _J
Address ] hittp:jom.ncbi.nim.nih. gow/BLAST fBlast.cg v B ks ?
<> ] % —
results of BLAS1 =

BLASTN 2.2.9 [May-01-2004]

RID: 10805952416-29109-5G2119465562.BLAGTO4

Database: GenBank non-wouse and non-huwan E3T entries
12,989,615 sequences; 6,591,256,704 total letters

If vou have any problems or guestions with the results of this search
please refer to the BLAST FAQs

Taxonomy reports

Query=
(509 lecters)

Distribution of 101 Blast Hits on the Query Sequence

‘Mouse-overlu show defline and scores. Click to show alignments |

Color Key for Alignment Scores

£do 40-50 50-80 _ 8B0-200 [ »=m00
1'29109‘ u T L 1 u L T 1 T u T u 1 u T T u 1 u T L 1
i} 100 200 300 400 500
bt
<3 £
= Did you lnow...
Mext tip
| ‘ou can set a different level of security For each Web site, On the Tools menu, dlick Internet Options, and then dlick the Security tab,

P o




fle Edt View Favorites Tools Help

€) ] |£| |EL| _;j /V\JSEarEh . Favorites @ meda £4) | G- :’, ] Q]

address | @] hikp:fvmw,nchi.nim.nib.gov/BLAST [Blast.cqi v‘ a Go  Links ™
-~
Distribution of 101 Blast Hits on the Querv Sequence
‘Mnuaefnverm show defline and scores. Click to show alignrments |
Color Key for Alignnent Scores
50-80  [OSEOONN SO
1.29109
L e s e s e ey s e e e e e e LA
0 100 200 300 400 500
-
£ b
Did you know...
Mext g
You can set & different level of security For sach Web site, On the Tools menu, dick Internet Options, and then click the Security tab,
A i
Eile Edit View Favaorites Tools  Help :,'
) ) A ) <J . . ~ . R -
€) J Iﬂ @ __lﬁ - search ¢ Favorites wMedla {] & 5 _J
Agdress ] hitpffowww.ncbi.rim.nih. gow/BLAST Blast.cqi v B ks ?
Sequences producing significant alignments: (hits) Value -~
41114008724 gb|BGT25326. 1| RG725325 sae35d12.y1 Gm-cl0Sl Gly... 985 0.0 [
0i]27427571 | gh|CAS39091. 1| CAD30091 sav4lg09.yl Gm-cl063 Gly... 7iz 0.0 M
1| 16346573 | gh|BI972166.1|EI072168 9ag88alz.vl Gr-cl084 Gly... 694 0.0
91]15287475| gb |BI471369.1|EI471368 Sagl9f06.yl Gm-cl080 Gly... 34 0.0
41137995974 | gb | CFB07563.1| CFE07563 psHEO25%009f USDA-TFAFS:... 687 0.0 [
0i]23732296) gh|BU764307. 1| BU764307 sar98d05.v2 Gm-cl080 Gly... 675 0.0
gi|379941¢62 |gh|CFS05908. 1| CFE05508 psHEOO1xOO6L USDA-IFAFS:... 664 0.0
gi|16342613 | gb|BIS68208.1|EIJ66208 GNE30004E12F05 Gm-r1083 £58 0.0
41119934725 gb | BQN79755. 1| ROO79755 san17h09.y1 Gm-cl0s4 Gly... 64z 0.0 [
gi]19534445| gh|DO079475.1|FO079475 sanldcOl.yl om-closd Gly... 625  e-176
113478386 gh|BG507654. 1| EG507864 9ac82e09. vl Gr-cl072 Gly... 623 e-176
91|37996764| b | CFE08353. 1| CFE08353 psHBO34xJ14f USDA-IFAFS:... 592  e-166
gi|16106094|gh|BI893534.1|EI593534 sSag93f11.y1 Gm-cl084 Gly... 587  e-165
1]19935253 | gb | BONG0263. 1| BONANZA3  san31a09.yl Gm-cl0sd Gly... 585  e-15a D
1111412994 gh|BF425005.1|EF425005 su53k09.y1 Gw-cl069 Glye... 436  e-138
gi|37906666 | gh|CFS08255. 1| CFE05255 psHBO33xI01f USDA-IFAFS:... 465 e-128
g1]19934415| gh|BQO79445. 1| EQ079448 sanl3h0Z.yl Gm-cl084 Gly... 465  e-128
41137996212 | gb| CFE0T601.1|CFAOTA01  psHEOZEXGOBE USDA-TFAFS:... 450  e-124 [
gi|13562975| gh|BG551195.1|BG551195  sad34d04.v1 Gru-cl074 Gly... 448  e-123
Qi 7673732 | ob| AV160139.1| AW160139 phlti? soybean, century c... 442 e-121
g1]15815451|gh|BI7687726.1|EI787726 sSag?5a07.y1 Gm-cl084 Gly... 435  e-119
41| 13460079 gb | BG509422 . 1| RGS09422  sad13£03.y1 Gm-cl074 Gly... 435  e-119 [
gi|373896627 | gh|CFE05216.1|CFEOG216 psHBEO33xC14f USDA-IFAFS:... 423 e-117
9123728449 gh|BUT62277. 1| BUT62277 9ar87d02.v1l Grn-cl074 Gly... 421 e-115
gi|15811612|gh|BES17591.1|EE917591 GmCHS6 soybean root subt... 419  e-114 ~
< >
= Did you know.
Mext tip
‘ou can set a different level of security For each Web site, On the Tools menu, dlick Internet Options, and then dlick the Security tab,




<A RID-1090957235-10977 83838499154 BLASTQ4, - Microsoft Internet Explorer.

Eile Edit ‘View Favorites Tools Help

y A ) 98 q " ~ . =|
€ ] Iﬂ @ _ﬂ - Search 7 Favarites d‘Medla {} - A Lo
Address (E] hetpfowws. ncbi.rim.nih. gow /BLAST Blast.cgi v B ks
-~
Distribution of 23 Blast Hits on the equence =
‘Muuse-uverlu show defline and scores. Click to show alignments |
Color Key for Alignkent. Scores
50-80  [NGOSEO0NNS O
1-10977|‘.‘.|‘.‘.‘.‘..‘.‘.‘|.‘.‘|‘.
0 50 100 150 200 250
Score E
Sequences producing significant alignments: (bits) Value
9123729544 | gh|BU7E2564.1|BUTE25864 =as34a07.vl Gmu-cl0S0 Gly... 539 e-151
gi| 10453071 gb|BMO54451. 1| BNO54451 san03h03.yl Gu-cl084 Gly... 539 e-151
gi| 15314807 ghb|BI767082.1| 61787082 sag71b08.yl Gm-cl082 Gly... 539  e-151
gi| 15312586 gh|BI764561.1| 1784861 safS4e04.y3 Gmn-cl079 Gly... 539 e-151
gi|10233351|gh|BES02230.1|BES02235 sr2éc03.yl Gm-cl0S0 Glye... 515 e-144 a
3 OV U P U PV WAV SN = == PR =
&) ® Internet
—

2 RID-1090957235-10977-83838499154.BLASTQ4, - Microsoft Internet Explorer.

File Edt View Favorites Tools Help -7
Y \ A 7 . s D A

G- © B B G Pus e @ B3 BSL
Aicldrass | (] hiktp: fomer. i nim. i, go [BLAST Blast, ci v B ks ?
~
Distribution of 23 Blast Hits on the Query Sequence =

|BMI54481 53n03hD82y1 Gm-c1 084 Glycing mex cONA clons SOYBEAN C. 5= 530 £5 <=
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gi|23729544 | gb |BUT62664. 1| BU762064 .yl Gu-cl080 Gly... 539 -

gi| 19453071 gb|BM354451. 1| EMG54461 san03h08.yl Gu-cl084 Gly... 539 E-151

gi| 15814607 | gb|BI767082.1|BEI787062 sag7lb08.yl Gru-cl082 Gly... 539  e-151

gi| 15812586 g |BI764661.1|EI764661 saf94e04.y3 Gn-cl079 Gly... 539 =-151
gi|10233351|gb|BEBO2239.1|BEG022359 sr26c03.yl Gwm-cl050 Glye... 5156 e-144 3
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[ Display | | GenBank v/ show 20 | [ Sendt | | File vl[ Features |
[11: BU762864. sas34al7.y1 Gm-cl...[g123729544] Links
LOCUS BU7G2064 527 bp WRNA linear EST 02-JUL-2004
DEFINITION sa&as534a07.v1 Gu-cl0G0 Glyoine max cDNA clone SOYEEAN CLONE ID:
Gm-cl1060-5414 5' similar to TRIQOEEXS Q9XEXS CYTIDINE DEANINASE .,
wRNA sequence.
ACCESSION BU7G2064
VERIION BU762864.1 GI:i23729544
KEYWORDS EST.
SOURCE Glycine mwax (sovhean)
ORGANIGHM Glycine max
Eukarvota; Viridiplantae; Streptophvta; Embryophyta; Tracheophytas
Apermatophyta; Magnoliophvta; eudicotyledons; core eudicots;: rosids
; eurosids I; Fabales; Fabaceas; Papilionoideas; Phaseoleas;
Glycine.
REFERENCE 1 (hases 1 to 527)
AUTHORS Shoemaker,R., Keim,P., Vodkin,L., Erpelding,J., Coryell,V., Khanna
;A., Bolla,B., Marra,X., Hillier,L., EKucaba,T., Martin,J., Beck,C.,
Wylie,T., Underwood,K., Steptoe,M., Theising,B., Allen,M., Bowers
,¥., Person,B., Swaller,T., Gibbons,M., Pape,D., Harvey,N., Schurk
+R., Ritter,E., Kohn,3., 3hin,T., Jackson, Y., Cardenas,M., McCann
+R., Waterston,R. and Wilson,R.
TITLE Public Sovhean EST Project
JOURMAL  Unpublished (1999)
COMMENT Contact: Shoemaker R/Public Soybean EST Project
Fublic Sovbean EST Project s
&) ® Internet
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Address | @] hikp:fuw.ncbinlm.nih. gov fentrezjquery Fegizemd=Retrieveldb=hucleotideBlist_Lids=237295448dopt=GenBank V\ > ERL
200401) was used to synthesize the cDINA. First-strand ~

synthesis was performed with S-methyl dCTP, hence the
ligated cDNAL was hemimethylated. A modification of
Stratagense's first-strand synthesis primer was used. An
'anchor' nucleotide (V=A4, C, or G) was added to the 3' end
of the primer [GAGAGAGAGAGAGAGAGAGAACTAGTCTCGAGIT)1GV] to
anchor the primer at the 5' end of the polyii) tract.
After second-strand synthesis, the cDNAL ends were filled
in with cloned Pfu DNA, ligated to EcoRI adapters and
subsequently phosphorylated., The cDNL was then
precipitated and redissolved in sterile, RNase-,
INase-free water, The Zhol site within the first- scrand
synthesis primer was then restricted by digestion with
EZhol from Promega (400/ul); all Xhol sites in the cDNA
would be protected by their hemimethylated status. The
cDNAL constructs were size-fractionated with a 500bp
cutoff, using Sephacryl 5-500 High Resolution (Pharmacia
Biotech) in & Z-reo dismeter colunn and a bed volume of
approximately lml. The colwmm eluent was precipitated,
redissolved, and ligated into 3tratagens's pBluesscriprt II
EZR Predigested wvector (pBluescripr II 3K(+) vector that
has been digested with EcoRI and XhoI, and phosphorylated
by Stratagene). This library was constucted in the
laboratory of Dr. Paul Keim and Dr. Virginia H. Coryell at
Northern Arizona University."

ORIGIN

.

tacAagogogt CCCCCLoCyy CUTCUOgott CLOgAtTCCa Aygygaatgt TLTLaaagyc

61 LCLTACAULY AQUCCOCLYC LUAUAACCCE AUCLUOYUAC CYCULCAgUS cOccatcgue
121 gectteatoy coUUeUycyy LYUYUAtTAt gaagagatty LTUCUYCYUT griugtgar
181 aagyaagygy cUgtcatcas acagyatcac actUcaagyt LYUTUctosa Ttocataged
241 coacgotgos ACLLCAACAA LTLLCTLYCT LCLCARALCLC CLLCAACTLY RAcCattgrtt
301 CLLCLLCCCot CLACCCTasa LTaataatat atatatacta tLLgagadty Jatttogato
361 cacccttace CEacCLcace CTOTAataat Jryattgtca CYgatagaca TOYtyatgyr
421 gtataataat COCCLLCCTCA LLLALOOCLAa LOLOYLLCOLa atattitany aCaadqrtLtt
431 tCLTLtfgta Cattgttaca LCLAAtUaay AAtatLgtcs LYLCaas

&) ® Internst




FASTA/BLAST Statistics

E() value is equivalent to standard P value

Significant if E() < 0.05 (smaller numbers are
more significant)

#The E-value represents the likelihood that the
observed alignment is due to chance alone. A
value of 1 indicates that an alignment this good
would happen by chance with any random
sequence searched against this database.

The histogram should follow expectations
(asterisks) except for hits

Interpretation of output

very low E() values (e-100) are homologs or
identical genes

moderate E() values are related genes

long list of gradually declining of E() values
indicates a large gene family

long regions of moderate similarity are more
significant than short regions of high identity




What this does for you

# You identified what gene is encoded by
your clone’s sequence

# Perhaps you may have found the function of
your gene

# You have more cDNA sequences to add

together to build a consensus and perhaps a
full-length cDNA

Biological Relevance

% It 1s up to you, the biologist to scrutinize these
alignments and determine if they are significant.

#® Were you looking for a short region of nearly
identical sequence or a larger region of general
similarity?

% Are the mismatches conservative ones?

#® Are the matching regions important structural
components of the genes or just introns and
flanking regions?




Borderline similarity

% What to do with matches with E() values in
the 0.5 -1.0 range?

# this is the “Twilight Zone”

| % retest these sequences and look for related
| hits (not just your original query sequence)

| 3 similarity 1s transitive:

if A~B and B~C, then A~C

Advanced Similarity Techniques

Automated ways of using the results of one search to
initiate multiple searches
INCA (Iterative Neighborhood Cluster Analysis)

http://itsa.ucsf.edu/~gram/homelinca/

+ Takes results of one BLAST search, does new searches with each one,
then combines all results into a single list

+ JAVA applet, compatibility problems on some computers

PSI BLAST
http://www.ncbi.nim.nih.gov/Education/BLASTinfo/psi1.html

+ Creates a “position specific scoring matrix” from the results of one
BLAST search

+ Uses this matrix to do another search
+ builds a family of related sequences
+ can’t trust the resulting e-values
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Search Mucleotide ~ | for
Lirnits Previewindex History Cliphoard Details
GenBank v show|20 v File v
[1: BG725328. sae35d12.91 Gm-cl. [gi14008724] Links
LOCUS EGT725328 510 bp TR L linear EST 22-JUL-z004
DEFINITICH sSae35dl2.vyl Gm-cl0S51 Glyoine max oDNA clone GEMOME 3VSTEMS CLONE
ID: Gm-e¢l051-7103 5' similar to SW:CHSE SOVEN P300S0 CHALCCNE
SYNTHASE ¢ :, wRNA secuence.
ACCESSION EGT725328
VERSION BG725328.1 GI:14008724
KEYWORDS EST.
SOURCE Glycine wax (sovbean)
ORGANISM Glycine wax
Eukarvota: Viridiplantae: Streptophyta: Embryophyta: Tracheophyta:
Spermatophyta: Magnoliophyta: eudicotvyledons: core eudicots: rosids
: eurosids I: Fabales: Fabaceae: Papilionoideaes: Phaseoleae:
Glycine.
REFERENCE 1 (basez 1 to 510)
AUTHORS Shoewaker,R., Keim,P., Vodkin,L., Erpelding,J., Corvell,V., Khanna
,A., Bolla,B., Marra, M., Hillier,L., Kucaba,T., Martin,J., Beck,C.,
Wylie,T., Underwood,K., Steptoe,M., Theising,B., illen, M., Bowers
,¥., Person,B., Swaller,T., Gibbons,M., Pape,D., Harwvey,N., Schurk
,R., Ritter,E., Kohn,3., 3hin,T., Jackson,V., Cardenas,M., McCann
+R., Waterston,R. and Wilson,R.
TITLE Public Sovhean EST Project
JOURMAL  Unpublished (1999} a
X @ Did you know...
Nezxt tip
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547" ~
GENOME SYSTEMS CLONE ID: Gr—el1l051-71037
/rissue_type="floral weristematic mRNA"
/lab_host="DH10E"
/eclone lib="Gw-c1051"
/note="Vector: pBlusscript TT SK+; Site_1: EcoRT; Site 2:
¥hoI; The oDNL library was constructed from floral
meristewatic wRMA provided by Dr. Halina Knap of Clemson
University. Complementary DNE was synthesized frow wRNA
using a priwer consisting of a poly(dT) sequence with a
¥hoI restriction site. EcoRI adapters were ligated to the
blunt-ended cDNAL fragwents followed by Xhol digestion. The
DML fragwents were directionally cloned into the
EcoRI-¥hol restriction site of the pBluescript vector. The
ligated cDNL fragwents were transformed into DH10B host
cells (GibocoBRL). This library was constructed in the
laboratory of Dr. Randy Shosmaker.”
ORIGIN
1 gyttgtgooa agtooatbtht ctatbgactt chtootoatt tgatooasga tgaacagoac
61 acatgoactt gacatgbtac catactogot aagoacgbgt ctaghagobt coatttttto
121 atgottoast cotaactbag coboaactty ghooasaatt gotggtooac cagggbgbgo
181 aatcoasasay atagagtbgt aatcatoasat thobaagggt ttgaaggobt cascoasggo
241 cttttegaty ttottggaga tgagtccagy aamcatcottg aggagatgga aagtgagtoo
301 tacttggoga aggtggocat caatagogoo ttogotgtot ggaaggatty tttgtgoagt
361 coacacaage tcamacamag gottttocage tggoagagga totgatcocaa caatgacage
421 agotgoacca totcocaaaca aggotigooc cacaaggoty toaagatghty tgtoactogg
481 gocacgaaat gtgactgotg tgatctocoga
i
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FASTA format

b1
A

2
A

13

* oK

One of three formats used for sequences

Begins with single-line description followed by
sequence data

Description line starts with “>”

Example:

>qi|532319|pir| TVFV2E|TVFV2E envelope protein
ELRLRYCAPAGFALLKCNDADYDGFKTNCSNVSVVHCTNLMNTTVTTGLLLNGSYSENRT
QIWQKHRTSNDSALILLNKHYNLTVTCKRPGNKTVLPVTIMAGLVFHSQKYNLRLRQAWC
HFPSNWKGAWKEVKEEIVNLPKERYRGTNDPKRIFFQRQWGDPETANLWFNCHGEFFYCK
MDWFLNYLNNLTVDADHNECKNTSGTKSGNKRAPGPCVQRTYVACHIRSVIIWLETISKK
TYAPPREGHLECTSTVTGMTVELNYIPKNRTNVTLSPQIESIWAAELDRYKLVEITPIGF
APTEVRRYTGGHERQKRVPFVXXXXXXXXXXXXXXXXXXXXXXVQSQHLLAGILQQQKNL
LAAVEAQQQMLKLTIWGVK

The nucleic acid codes supported are:

A —> adenosine M --> A C (amino)
C --> cytidine S --> G C (strong)
G --> guanine W --> AT (weak)

T --> thymidine B->GTC

U --> uridine D->GAT

R --> G A (purine) H->ACT

Y --> T C (pyrimidine) V->GCA

K-> G T (keto) N->AGCT (any)

- gap of indeterminate length




accepted amino acid codes are:

A alanine P proline
B aspartate or asparagine Q glutamine
C cystine R arginine
D aspartate S serine
E glutamate T threonine
F phenylalanine U selenocysteine
G glycine V valine
H histidine W tryptophan
| isoleucine Y tyrosine
K lysine Z glutamate or glutamine
L leucine X any
M methionine * translation stop

N asparagine

- gap of indeterminate length

I ypes of data integrated in genome brow

Genomic sequence

RefSeq mRNAs (non-redundant)
GenBank mENAs (redundant)
ESTs

Gene predictions

SNPs
Homologous sequences from other organisms
STSs




Other Sequence Search Tools

SRS (Sequence Retrival Service) was created by
Dr. Thure Etzold: /CABIOS 9(1); 49-57 (1993)]

% It is a meta search engine for all types of biological
data in hundreds of databases as well as about 20
sequence analysis programs

# SRS can be accessed over the WWW from many
| servers (mostly in Europe):

http://srs.ebi.ac.uk/
http://www.infobiogen.fr/srs6bin/cgi-bin/wgetz?-page-+top
http://www.sanger.ac.uk/srs6bin/cgi-bin/wgetz?-page+top
http://iubio.bio.indiana.edu/srs6bin/cgi-bin/wgetz?-page+top
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Why So Many Databases?

% If GenBank has all sequence data and Entrez
is such a good query tool, then why are there
so many other sequence databases?

# Specialized data (single species, immunoglobulins, etc.)
# Better annotation (i.e. SwissProt)

# Sequences linked to other data (ACEDB)

+ Subbornness and local pride - EMBL, DDBJ

others for supplemental data

13Tt is very hard to get all relevant information
across all databases for any gene




Other Genetic Databases

|* Genome Sequence - where does a gene fall on the
genome
+ integrate multiple layers of information
> Sequence contigs, mRNAs, predicted exons, etc.
+ Single species?
% ESTs: dbEST @ NCBI
# SNPs: dbSNP @ NCBI,
http://snp.cshl.org (SNP Consortium)

i Metabolism/Pathways
1% Gene Function (Genome Ontology)
| * Protein motifs/domains and protein families

DM, Tables

M A 1 Ensernbl
UCSC Genome Browser on Aug. 6, 2001 Freeze
more zoom in zooms o

position |chr3. 160B80500-16110499 size 30000, pixel width [610

Ease Fosition T

1 T T 151aaagal 16165ama] 1611aaas]
Chromosome Bands Localized by FISH Mapking Clones

Chromosome Band

5T$ Markers on Genetic (hlus) snd Radiation Hubrid Cklackd Maps
STS Markers
known Genes (from Refisd)

[ M Py

ELT

oy

A

M ekttt +
AcEmi 1Y Gene Fredictions With Alt-splicing
ACemd 1Y Genes

EnsTeaoee251515 - lllbbrb - b

Ensemk1 Gene Fredictions

ENSTHABABITSES e e
ENST0E586245009 e dism
ENST#@586275155 [ : |
EMZTHEBABIE1T46 [ e o
ENST#8506231745 [ s IS o)
_| ENsTaABABITS193 L e SIS}
Fzenesh++ Gene Fredict ions
czeanicd bt BB
C3E08165 e
o CEBRR1GE [ e e

Genscan Gene Fredictions
CTICHRS_1,318
ctacHRI_1.319 I BT N PR ey
Human mREMAS From Genkank
AFB1

AFEBE5T
Ma1555 -
¥11731
UsEe2e

usss27
Y11535
w15277
ECRAREST
ABBAB41E

2

-1

S

w0

il

21

o
Lt | |

ABE37E73
ABBSTSTE H
a L41816 g




Genome Databases

% New area - in desperate need of development

Chromosomes::Sequence::Contigs::Clones::
STS Markers::Genetic Markers::Genes::
Features::Expression data::Phenotype

* No single database can hold it all
# UCSC is probably the best right now
genome.ucsc.edu

# Need a data exchange and linkage
infrastructure

European Bioinformatics
Institute

# Products and services

% Databases
+ Literature
+ Microarray
+ nucleotide
% Toolbox with software
+ Similarity searches
+ Protein function
+ Sequence analysis
+ Structure

¥ http://www.ebi.ac.uk/
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IDENTIFIERS

dbEST Id 101883
EST name yb01la0l.sl
GenBank Acc T48601 GenBank gi: 650461
GDB Id: 490761
CLONE INFO
Clone Id: IMAGE:69864 (3')
Other ESTs on clone:yb0la0l.rl
DNA type: CcDNA
PRIMERS Sequencing: -21ml3
PolyA Tail: Unknown

SEQUENCE

Quality:
Entry Created:
COMMENTS

PUTATIVE ID

LIBRARY

Lib Name:

| Organism:

| Sex:

Organ:

Lab host:
Vector:

R. Site 1:
R. Site 2:
Description:

GGCGGCTCAGTAGCAGGTGCCGTCCACCTCCGCCATGACAACAGACACATTGACATGGGT
GGGTTTACCACCAAGCGTCCGATGGTCTTCTGTGTGAAGGCCAGCCAGGCGCCTCCATGG
CACCATGCAGGAGAAGGNCTCCCCCTTCTTCCAGTCCTCGGCTGCCACGCGCAGTATGCT
GGTCACACGAAGGTCGTGGTGCCCTGGCTGGNTCCTNCANGGATGCCCAAGTCAGGTACT
TNTCGCGGGGCAGCTCCTGTGACCCCTGCAGCCAGCGAACCAGCACGTCCTTGGGGCTTN
AAGCNGCGCTACCAGGCACTTCAACCGTTCNCCAGCTTCGTTCAGGGCCANCTTC
High quality sequence stops at base: 277

Feb 6 1995 Last Updated: Feb 6 1995

High gality sequence stops: 277

Source: IMAGE Consortium, LLNL

This clone is available royalty-free through LLNL ; contact
the IMAGE Consortium (info@image.llnl.gov) for further
information.

Assigned by submitter

similar to gb:S71043_rnal IG ALPHA-2 CHAIN C REGION (HUMAN)

Stratagene placenta (#937225)

Homo sapiens

male

placenta

SOLR cells (kanamycin resistant)

pBluescript SK-

EcoRI

Xhol

Cloned unidirectionally. Primer: Oligo dT. Caucasian.
Average insert size: 1.2 kb; Uni-ZAP XR Vector; ~5' adaptor
sequence: 5' GAATTCGGCACGAG 3' ~3' adaptor sequence: 5'
CTCGAGTTTTTTTTTTTTTTTTTT 3°'




Database Search Strategies

% General search principles - not limited to
sequence (or to biology)

# Use accession numbers whenever possible

% Start with broad keywords and narrow the
search using more specific terms

| % Try variants of spelling, numbers, etc.
% Search all relevant databases

»Be persistent!!

What we covered today

# Retrieving a known DNA sequence
# Similarity searching with a DNA sequence




